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Abstract  
 
The leaves of the Diplotaxis muralis (Arugula) are the most metabolic part of the plant.  
Here, photosynthesis plays an essential role. Arugula is a fast-growing perennial plant that 
grows in the winter and produces new shoots in the spring. It has a spicy taste and pleasant 
odor and it is originated in Europe and West Asia.  
Cochlospermum angolensis (Borututo) is a plant with medicinal properties used for the 
treatment in prophylaxis against malaria and hepatic pathology. However, further studies 
are needed to prove its chemical composition and biological activity. 
As the use of D. muralis is recurrent within the Portuguese population and the use of C. 
angolensis is frequent within the Angolan population, the objectives of this study were to 
describe the state of art for their uses, through popular knowledge and existing 
bibliography, and to evaluate their anti-bacterial activity, through aqueous and organic 
extracts.  
Organic and aqueous extracts were obtained by the classical extraction technique, using as 
solvents distilled water, ethanol and dimethylsufoxide. 
Measurement of 3-nitrotyrosine (3-NT) in biological samples can be used as a biomarker 
of nitrosative stress, since it is very stable and suitable for analysis.  
The results indicate that Arugula does not present antibacterial properties for the studied 
strains. However, Borututo presents chemical compounds that confer antibacterial 
properties on the organic extract. With these results, it possible to concluded that Borututo 
may present properties of interest to the pharmaceutical and food industries. 
 
Key words: Diplotaxis muralis, Cochlospermum angolensis, anti-bacterial activity, 
organic and aqueous extracts, oxidative stress 
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1. Use of medicinal plants 
Traditional medicine is an old practice of societies. About 80% of the population in 
underdeveloped countries depends on traditional medicine as primary health care. 
Medicinal plants are a rich source of diverse types of compounds with potential to be used 
as therapeutic agents or as a basis for the development of new drugs. There are many 
reasons that lead people to the use of traditional medicine, especially for socio-economic 
circumstances and the fact that traditional medicine is more affordable and within reach of 
populations compared to licensed medicines (Manuel et al. 2009) (Islam et al. 2014). 
The widespread belief in medicinal plants, being a factor of variability transmitted from 
generation to generation, traditional uses of medicinal plants may result in toxicity and 
adverse effects on human consumption without prior knowledge, some populations are not 
aware of this. 
 
2. Diplotaxis muralis 
 
Diplotaxis muralis (Brassicaceae) is known by the local population as "Arugula" Figure 
1. The plant parts used are leaves. In the leaves, photosynthesis plays an essential role, 
because it is the most metabolically active part of the plant. In addition, the collection and 
drug method of preparation of leaves are much easier than other parts of the plant and 
makes it the first choice for use. In some cases, the processing involves simply drying the 
vegetal material (Islam et al. 2014). 
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Figure 1- Leaves of arugula (https://www.cantinhodasaromaticas.pt/etiqueta-produto/diplotaxis-muralis/, 
consulted on 10/07/2018) 
 
 
 
Arugula is a perennial plant being grown in the winter and producing new shoots in the 
spring. Arugula plant is characterized by average height of 80 cm, a deep root, oblong, 
lobed leaves with pointed apices (Tripodi et al. 2017). Arugula has a spicy taste and 
pleasant odor, is a fast-growing plant, originating in Europe and West Asia. Its nutritional 
and phytotherapeutic properties are varied. Its chemical composition includes vitamins, 
minerals and fibers, besides the presence of calcium, sulfur compounds, sulfur, iron, fibers, 
phosphorus and potassium (Basu et al. 2001).  
The arugula helps in the treatment of lung diseases, lack of appetite, intestinal gas, anemias, 
aid in the process of detoxification of the organism, also helps the treatment of 
triglycerides, due to the presence of omega 3, fatty acid that has the ability to unclog the 
arteries, which provides better blood circulation (Filgueira 2000). There are still few 
studies that involve the chemical characterization of arugula. 
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3.  Cochlospermum angolensis  
Cochlospermum angolensis, Borututo Figure 2, has been used by the Angolan 
population for many years. The population uses the root rich in quinones, catechins, 
polyphenols, highly detoxifying and purifying bioflavonoids. Due to its richness in 
substances with physiological activity, it acts in great part in our body according to the 
needs of the cells, being still recognized in the treatment of diseases of the stomach, 
liver, gallbladder, spleen and all urinary tract. As a purifier allows blood to flow by 
fighting cholesterol and normalizing blood pressure. It has also been used against 
Plasmodium berghei, a common malaria parasite. (Abourashed, E. & Fu, 2017) (Carla 
Pereira et al. 2013) (Ferreres, et al., 2013).  
  
Figure 2 – Tree of Borututo (http://borututuroot.com/, consulted on 10/07/2018) 
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4. Bioactivity study models of natural extracts  
In laboratory experiments, in recent years have achieved great results in animal experiments, 
in particular microorganisms because many animals are needed to ensure statistically 
significant results, the microorganisms are easier to handle and have rapid growth (Soares, 
D. G., et al. 2005). 
There are several study models to evaluate the bioactivity of natural extracts, from bacterial 
models: Pseudomonas aeruginosa, Staphylococcus aureus, Escherichia coli, MRSA, 
producers of β-lactamases). Some protozoa such as Plasmodium berghei, P. falciparum and 
yeasts (C. et al. Pereira 2015). 
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5. Evaluation of oxidative / nitrosative stress 
 
 
3-Nitrotyrosine (3-NT) is a biomarker of nitrosative stress. When increased levels of 3-NT 
in biological samples are associated with pathological and physiological changes, that is, an 
increase in oxidative/nitrosative stress is represented by cellular antioxidant defenses that 
are not able to eliminate reactive oxygen species (ROS) and nitrogen reactive species 
(RNS). One of the effects is the damage of the bases of nucleic acid, proteins, lipids and 
carbohydrates. This effect may impair cell health and viability (Teixeira, et al., 2016). The 
nitration of tyrosine residues in proteins is associated with nitrosative stress, resulting in the 
formation of 3-nitrotyrosine (3-NT) (Teixeira, et al., 2017). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
14  
AIMS 
 
The main objective of this work is to study the bioactivity of the medicinal plants Diplotaxis 
muralis and Cochlospermum angolensis. 
The specific objectives are: 
• To study the state of the art for the use of Diplotaxis muralis and Cochlospermum 
angolensis;  
• To prepare aqueous and organic extracts of Diplotaxis muralis and Cochlospermum 
angolensis;  
• To evaluate the bioactivity of the extracts obtained against Gram-positive 
Staphylococcus aureus ATCC 6538, S. aureus ATCC 6538P, S. aureus MRSA and 
Gram-negative isolates (S3R9, S3R22) and Escherichia coli ATCC 25922. 
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MATERIALS AND METHODS 
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Materials: 
 
 
Samples 
The D. muralis leaves were collected in Canidelo parish, Vila Nova de Gaia municipality, 
Porto district (Portugal), on January 2, 2018. The harvest method used was the traditional 
method. It consists of cutting the fresh leaves of the arugula by the stem, washed to keep it 
clean for better conservation in the laboratory of the School of Health of Porto, Polytechnic 
of Porto. 
 
The C. angolensis root, from Angola, was stored in the freezer of the Porto High School of 
Health, Politécnico do Porto. I knew by my coordinator that a student of this school José 
Herculado left the root Borututo for future academic work. This student was in Angola, 
however he had the opportunity to bring the Borututo root, washed, cleaned of earth and cut 
into small pieces for better conservation in the laboratory. 
 
 
Reagents / Equipment 
The equipment used was heating blanket (J.P.selecta, s.a, Barcelona); balance (Kern ABJj); 
tub for grinding; distiller (GFL Gesellsehoft Labotechnik); autoclave (Uniclave 88-40x60, 
A. J. Costa); greenhouse (Selecta); vortex (Labnet international, inc); Thermo Spectronic 
(American APPraiSAL); Bunsen burner (CAMPINGAZ); Thermo Scientific MultiskanFc 
(Vantoa Filand); Thermo Scientific MultiskanFc (Vantoa Filand) and incubator Orbital 
Skaka. 96-well plates (Frilabo). 
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The consumables used were 0.45μm and 0.22μm Filters (VWR – International); Test tubes 
12x75mm (Kimble); loops of 1μm-10μm; Petri Dishes; swipe; 96-well plates (Frilabo) and 
micropipettes 10/100µL 100/1000µL. 
 
The culture media used were Tryptic Soy Agar (TSA) (Merck) and Tryptic Soy Broth (TSB) 
(Merck) for bacteria. Nutritious agar for bacteria. 
The reagents were etanol (≥96%) (José Manuel Gomes dos Santos, LDA); and 
dimethylsulfoxide (DMSO) (Biochemica Applichen Panreac ITW Companies). 
 
The strains used were S. aureus ATCC 6538, S. aureus ATCC 6538P, S. aureus MRSA, E. coli 
ATCC 25922 and environmental isolates from the working group, identified by S3R9 and 
S3R22 (Gram-negative rods). 
 
 
Methods: 
 
1. Extraction (aqueous and organic) 
 
The fresh sample of D. muralis was cold and protected from light.  
The C. angolensis sample was dried at room temperature and protected from light.  
The extracts were prepared. Therefore: 
(i) For aqueous extraction, the extraction was carried out using distilled water in the 
proportions 2:10 (2 g of leaf, D. muralis or 2 g of root, C. angolensis to 10 mL 
of distilled water). The mixture was boiled for 60 minutes at 60ºC and then 
filtered; 
(ii) For organic extraction, ethanol was added after maceration of the leaves (D. 
muralis) and root (C. angolensis) in the ratio of 2:10 (2g of sheet to 10 mL of 
ethanol) for extraction for 30 minutes 30ºC and then filtered.  
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Both extracts were stored at 4 ° C and protected from light until use. 
 
 
2. Preparation of the inoculates 
Cultures of microorganisms were maintained at 4 °C in nutrient agar and were 
recovered, when necessary, in TSA for the bacteria under study, and incubated 24h at 37 
°C. 
Suspensions of the culture in saline solution (0.85% NaCl) and TSB according to 
the point of inoculation, 125 minutes, exponential phase, for S. aureus ATCC 6538P and S. 
aureus ATCC 6538 according to the work developed by Herculano Hossi José, 2017, were 
prepared using the 0.5 MacFarland scale to approximately 1.5 × 108 CFU/mL for bacteria, 
this scale corresponding to an optical density (OD) of 0.08 to 0.10 at 620 nm, as measured 
by visible spectrophotometry (Almeida et al. 2014). 
 
3. Preliminary tests 
The microorganism was then inoculated by the technique of distension on the surface of a 
Petri dish. Then 20μL of each extract and control by drop technique were placed in the Petri 
dishes with TSA medium in duplicate. Bacteria were incubated 24 h at 37 °C. After 
incubation, the halos of inhibition of microbial growth were measured in millimeters, using 
a millimeter ruler. 
The extract with antimicrobial activity was then concentrated by rotary evaporation. Then 
the extract was dissolved in DMSO and the tests were performed. 
For the controls were used according to the drop method, since no growth inhibition was 
observed on the Petri dish, it indicates to us that the inhibition verified by the extracts is of 
origin of the extract. 
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4. Determination of sensitivity of the strains to the extract 
In this assay the solvent with the highest antimicrobial activity used in the preparation of 
the antimicrobial extract of C. angolensis (ethanol) was used. Dilutions of one culture of 
each strain (S. aureus ATCC 6538P and S. aureus ATCC 6538) were performed in the 
solvent in 96 well plates and the OD were checked at 620nm (T0). After incubation in an 
orbital incubator with shaking (120rpm) for 24h at 37 ° C for bacteria with positive results, 
OD (T24) was read. 
In this assay the crude ethanolic extract of the Borututu root obtained from the extraction 
process was used. The volume of culture medium TSB was distributed in each well in 
triplicate, then the volume of extract and finally the volume of suspension of strain under 
study was added. The OD was checked at 620nm (T0). After incubation the OD (T24) was 
read. 
Both controls, negative and positive, and the tests were performed in triplicate in the 
proportions shown, in figure 3 and figure 4, for a total volume of 200 µL. 
The sensitivity of the strains to the extracts can be understood as the smaller volume of 
extract in μL, capable of inhibiting the microbial growth, that is, the minimum inhibitory 
concentration (MIC). 
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Figure 3 - Quantities of bacterial suspension S. aureus ATCC 6538, TSB and ethanolic extract of Borututo in 96-well 
plate. When in the well shown there is an amount of bacterial suspension and culture medium together, the above 
percentage is divided equally. 
 
 
 
Figure 4 - Quantities of bacterial suspension S. aureus ATCC 6538P, TSB and ethanolic extract of Borututo in 96-well 
plate. When in the well shown there is an amount of bacterial suspension and culture medium together, the above 
percentage is divided equally. 
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5. Evaluation of oxidative / nitrosative stress 
The 3-nitrotyrosine was evaluated in S. aureus ATCC 6538 and S. aureus ATCC 6538P 
where the MIC corresponding to the crude ethanolic extract of Borututo was obtained. The 
method used for the detection and quantification of 3-nitrotyrosine was performed at 356 
nm, according to Teixeira et al (2017). Initially, in the preparation of the sample, 2 cycles 
were performed at -80 ° C and room temperature (10 minutes in each cycle). After that, the 
ultrasound was used for 15 minutes. For 1 mL of sample, 1 mL of trifluroacetic acid was 
used. Spin at 14500 rpm for 10 minutes. The sample was filtered with a 0.45 μm filter. Thus, 
the sample was doped with a final concentration of 0.05 mg/mL. 
 
6. Data processing 
The results were expressed as mean and standard deviation calculated in the Microsoft Excel 
program. All tests were performed in triplicate (n = 3). 
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RESULTS 
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1. Extracts 
Arugula 
 
Inhibition of bacterial growth in the aqueous and ethanolic extract of arugula in the 
strains described below is shown in Tables 1, and 2. 
 
In Table 1, the aqueous extract of the arugula did not obtain antibacterial activity in the 
studied strains, 0 mm. Distilled water as is innocuous there was no inhibition of bacterial 
growth, 0 mm. 
Table 1 - Aqueous extract of arugula in Petri dish. 
 
Petri dish 1 (mm) - 
Aqueous extract of arugula 
Petri dish 2 (mm) - 
Distilled water 
S. aureus ATCC 6538 0 0 
S. aureus ATCC 6538P 0 0 
S. aureus MRSA 0 0 
E. coli ATCC 25922 0 0 
S3R9 0 0 
S3R22 0 0 
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Arugula 
In Table 2, the ethanolic extract of arugula did not obtain antibacterial activity in the studied 
strains. The ethanol 96% did not show any inhibition of bacterial growth, 0 mm. 
 
 
Table 2 - Ethanolic extract of arugula in Petri dish. 
 
Halo (mm) - Ethanolic 
extract of arugula 
Halo (mm) - Ethanol 96%  
Petri dish 1 Petri dish 2 Petri dish 1 Petri dish 2 
S. aureus ATCC 6538 0 0 0 0 
S. aureus ATCC 6538P 0 0 0 0 
S. aureus MRSA 0 0 0 0 
E. coli ATCC 25922 0 0 0 0 
S3R9 0 0 0 0 
S3R22 0 0 0 0 
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Borututo 
The inhibition of bacterial growth in the Borututo aqueous extract, in the strains described 
below, is presented in Table 3.  
In Table 3, the aqueous extract of Borututo did not obtain antibacterial activity in the 
studied strains, 0 mm. 
Table 3 - Aqueous extract of Borututo in Petri dish. 
 Halo (mm) - Aqueous extract of Borututo 
Petri dish 1 Petri dish 2 
S. aureus ATCC 6538 0 0 
S. aureus ATCC 6538P 0 0 
S. aureus MRSA 0 0 
E. coli ATCC 25922 0 0 
S3R9 0 0 
S3R22 0 0 
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Borututo 
In Tables 4, and 5, the ethanolic extract of Borututu presented greater inhibition against 
used strains of S. aureus ATCC 6538 and S. aureus 6538P than in the evaporated extract 
(DMSO).  
In Table 4, ethanolic extract of Borututo obtained antibacterial activity in strains S. aureus 
ATCC 6538, 23 mm and S. aureus 6538P, 23 mm. However, 96% ethanol had no 
inhibition of bacterial growth, 0 mm. 
Table 4 - Ethanolic extract of Borututo in Petri dish. 
 
Halo (mm) - Ethanolic 
extract of Borututo 
Halo (mm) - Ethanol 96%  
Petri dish 1 Petri dish 2 Petri dish 1 Petri dish 2 
S. aureus ATCC 6538 23 23 0 0 
S. aureus ATCC 6538P 23 23 0 0 
S. aureus MRSA 0 0 0 0 
E. coli ATCC 25922 0 0 0 0 
S3R9 0 0 0 0 
S3R22 0 0 0 0 
 
 
Figure 5 - Growth inhibition by ethanolic Borututo extract of S. aureus ATCC 6538P. 
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Figure 6 - Growth inhibition by ethanolic Borututo extract of S. aureus ATCC 6538. 
 
 
 
 
 
In Table 5, evaporated extract (DMSO) of Borututo obtained antibacterial activity in strains 
S. aureus ATCC 6538, 14 mm and S. aureus 6538P, 15 mm. However, DMSO had no 
inhibition of bacterial growth, 0 mm. 
Tabela 5 - Evaporated extract (DMSO) of borututu in Petri dish. 
 
Halo (mm) Halo (mm) - DMSO  
Petri dish 1 Petri dish 2 Petri dish 1 Petri dish 2 
S. aureus ATCC 6538 14 14 0 0 
S. aureus ATCC 6538P 15 15 0 0 
S. aureus MRSA 0 0 0 0 
E. coli ATCC 25922 0 0 0 0 
S3R9 0 0 0 0 
S3R22 0 0 0 0 
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Figure 7 - Growth inhibition of ethanolic Borututo extract evaporated and diluted in DMSO of S. aureus ATCC 6538P. 
 
 
Figure 8 - Growth inhibition of ethanolic Borututo extract evaporated and diluted in DMSO of S. aureus ATCC 6538. 
 
Considering that the sensitivity results of the ethanolic extract of Borututo were more 
expressive than the results of the ethanolic extract of the Borututo evaporated and diluted 
in DMSO followed the remaining tests with the first formulation. 
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2. Test of sensitivity to different concentrations of Borututo 
Dilutions of a culture of S. aureus ATCC 6538P and S. aureus ATCC 6538 in the solvent 
were performed in 96-well plates and the OD was checked at 620 nm (T0). After incubation, 
in an orbital incubator with shaking (120 rpm) for 24 h at 37 °C for the bacteria under study, 
OD (T24) was read. 
In Table 6 there was a greater difference of T24-T0 growth in 20% and 10% of extract 
compared to the other percentages of Borututo extract, that is, there was bacterial growth in 
these two percentages. 
 
Table 6 – S. aureus ATCC 6538P T0 and T24 to the control. 
 T0 % T24 % T24-T0 
% 
S. aureus ATCC 6538P (5%) + TSB (5%) + Extrato (90%) 138,6 138,7 0,1 
 
S. aureus ATCC 6538P (10%) + TSB (10%) + Extrato (80%) 114,9 114,9 0,0 
 
S. aureus ATCC 6538P (15%) + TSB (15%) + Extrato (70%) 100,5 98,9 -1,6 
 
S. aureus ATCC 6538P (20%) + TSB (20%) + Extrato (60%) 94,4 92,1 -2,2 
 
S. aureus ATCC 6538P (25%) + TSB (25%) + Extrato (50%) 74,2 103,6 29,4 
 
S. aureus ATCC 6538P (30%) + TSB (30%) + Extrato (40%) 91,1 107,0 15,9 
 
S. aureus ATCC 6538P (35%) + TSB (35%) + Extrato (30%) 127,2 155,7 28,5 
 
S. aureus ATCC 6538P (40%) + TSB (40%) + Extrato (20%) 141,4 374,1 232,7 
 
S. aureus ATCC 6538P (45%) + TSB (45%) + Extrato (10%) 142,0 415,1 273,2 
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Table 7 shows a larger T24-T0 growth difference in 10% of extract compared to the other 
percentages of Borututo extract, that is, there was bacterial growth in that percentage.  
 
Table 7 - S. aureus ATCC 6538 T0 and T24 to the control. 
 T0 % T24 % T24-T0 
% 
S. aureus ATCC 6538 (5%) + TSB (5%) + Extrato (90%) 65,0 65,3 0,3 
S. aureus ATCC 6538 (10%) + TSB (10%) + Extrato (80%) 77,7 75,9 -1,8 
S. aureus ATCC 6538 (15%) + TSB (15%) + Extrato (70%) 63,9 62,5 -1,5 
S. aureus ATCC 6538 (20%) + TSB (20%) + Extrato (60%) 78,8 78,3 -0,5 
S. aureus ATCC 6538 (25%) + TSB (25%) + Extrato (50%) 94,9 94,6 -0,3 
S. aureus ATCC 6538 (30%) + TSB (30%) + Extrato (40%) 131,1 130,7 -0,4 
S. aureus ATCC 6538 (35%) + TSB (35%) + Extrato (30%) 166,5 162,0 -4,5 
S. aureus ATCC 6538 (40%) + TSB (40%) + Extrato (20%) 146,6 165,4 18,9 
S. aureus ATCC 6538 (45%) + TSB (45%) + Extrato (10%) 64,4 132,4 68,0 
 
 
In figure 9, minimum inhibitory concentration of at least 20% of S. aureus ATCC 6538 with 
ethanolic extract of Borututo. 
 
Figure 9 - Minimum inhibitory concentration of at least 20% of S. aureus ATCC 6538 with ethanolic extract of 
Borututo.  
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In figure 10, minimum inhibitory concentration of at least 30% of S. aureus ATCC 6538P 
with ethanolic extract of Borututo. 
 
 
Figure 10 - Minimum inhibitory concentration of at least 30% of S. aureus ATCC 6538P with ethanolic extract of 
Borututo. 
 
 
 
3. Evaluation of oxidative/nitrosative stress 
 
After chromatographic analysis, it was verified that there are no differences in the 
concentration of 3-NT between the different samples. 
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DISCUSSION AND CONCLUSION 
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There are some studies on the discovery of new antimicrobial agents from plant extracts 
and other natural products (Abourashed, E. & Fu, H. 2017) (Brusotti G, et al 2014). In 
this work the aim was to verify the antimicrobial activity of organic and aqueous extract 
of the leaf of the arugula and the root of the Borututo so that it is possible to use both for 
medicinal purposes. 
According to the results obtained in this study, it can be concluded that the extracts of the 
arugula plant do not have antimicrobial properties for the studied strains. While the 
extracts of the Borututo plant contain components with inhibitory properties for the 
studied strains, namely S. aureus ATCC 6538, and S. aureus ATCC 6538P. 
For the sensitivity tests on studied strains, the Borututo organic extract showed inhibition 
in the abovementioned strains, comparing with the control that did not inhibit, and it can 
be concluded that the organic extract of Borututo may have inhibitory capacity. 
Minimum inhibitory concentration of at least 20% of S. aureus ATCC 6538 with 
ethanolic extract of Borututo while minimum inhibitory concentration of at least 30% of 
S. aureus ATCC 6538P with ethanolic extract of Borututo.. 
After chromatographic analysis, the were no differences in the 3-NT concentration, a 
possible reason is that it is outside the detection limit of 3-NT.  
Furthermore, there were several limitations encountered, both in the fact that there is little 
literature available and during the thesis the occurrence of solvent evaporation in the 96-
well plate assays. The 96-well plate method has some drawbacks, such as the cells of 
some microorganism’s adhesion to the base of the well, or remaining in suspension, some 
compounds present in some extracts may precipitate. However, it is a cheap method, it is 
sensitive, it has reproducibility, it can be used for many samples, it requires a small 
amount of sample and leaves a permanent record. 
The Borututo requires more evaluation studies of the components and put them to the 
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service of the pharmaceutical industry. 
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